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AESTRACT

kL
Hydrogen atoms in excited states were produced by passing a
bean of fast-moving hydrogen molecules through & thin carbon foil.
Rediation from these atoms was studied as a function of time using
filtered photomultiplier tubes. Measured values of the mean lives
of the 3s, 3d, Us, Up and 44 states in hydrogen are presented and
compared with theory. Results of measurements of relative initial
intensities of radiation from Tine-structure states of the n = 3

and n = 4§ levels in hydrogen are alsc presented, M//v” (




I. IRTROLUICTIOY

An important property of en =:icited state of an atom is its
mean life. A comparison of experimenial amd calculated valuves of
such a mean life provides & sensitive test of the correctness of
the atomic wave functions used in the calceulations, In addition,
the mean lives of excited stcmic states are crucial in some cal-
culations of the abundances of elemerts in stars,

Although several methcds have been developed for messuring
mean lives, most of them are limited in applicaticn, and the
information available concerning derey constants of atcomic states
is meeger. In this paper we descriue the gpplicetion of & new
technigue to the measuremer: of the oy lives ol some states in
atomic hydrogen. The methed is ¢ixablz of giving precise values
for mean lives, and is potentiallr spplicsble to & lurge number
of atomic stetes, 1In fact, experinenvy quite similer to the
one described here heve recantly beon performed on states in
1ithium (1) and in nitrogen (2}. Uhon cpplied to states in
hydrogen, the methed yields not cnly tne mean lives of some of
the individual fine-structure states, but also glves infcnnation
concerning the relative populaticns ol these siates. This infore-
mation could be of uss in siudying the processes by vhich the

excited states were produccd.

an old problem, and wes fivst underisken by Wien (3} in 1919.
His efforts proved to be unsuccessiul, and yielded results in

disagreement with quantum mechaniss) gradictions as well as with



later experimenvs. Slack in 1926 messuved the uean 1life of the 2p
level in hydrogen. Griffiths (4}, and Ankudirov et al. (5) have
measured the average mean lives of the n = 3, 4 and 5 levels in
hydrogen. A recent abstract (6) indiceies thet Hughes and co-
workers have done an experiment aimiler Lo the one described

herein, with similar resulis.
IT1. EXPERIMENIAL MIETHOD

Hydrogen =atoms in excited states were produoced by the method
deseribed by Bashkin (7). A schematic diazeam of Ghe experimental
arrsngenent is shown in Fig. 1. Singly-lonized zass-three hydrogen
molemales were accelerated to an energy of 157,53 ke¥ 1n the University
of Arizone Van de Graaff accelerctor. The ensrgy of the moleculies vas
determined by wagnetlc analysis. The heom was direcied at a gelf-
supperting carbon foil, The inickness of this foll wvas detcermined

2,

by weighirg it, and was 6 X 2 micro grams/ em” ., Om the downstream
side of the fuil the beam containeld protons and lIydrogen stoms, some
in excited stutes, with spreds of 3.068 = 0.03 x 177 cx/sec. Since the
velocity of the radisting atoms wes vocuvabaly known, it wes only
necessary to measure the radisticn esiitizd oy these atoms ss a
function of distance from the foil ir order to study the time be-
havior of the excited atems.

Radistion from the atoms was debectod by two RCA 1921 muitiplier
phototubes which were mouvnrted owiside the vacoum system and viewed

the beam through Iucite windows. Ore of ilez2 phctstvbes was fixed

in position, ard was used to monitor the rumbar of excited atoms



present in the beam. The secoad phototubve was mounted so that it
could be moved in a direction parsllel %o the direction of the beam
over a distance from sbout one centimeter from the foil to about

30 centimeters from the foil., Ccllimators in front of this movable
phototube insured that in a given position it viewed only about 1/2
centimeter of the radiating bean. Both tubes were shielded by
interference filters so that only radistion in a narrow wave-length
region could reach the phototudes. Iu order to reduce noise, both
phototubes were operated at the termpereture of solid CO;. Pulses
produced in the phototubes were sunlified with charge-sensitive
preamplifier and amplifier systems, and were recorded in scslers,

A measurement of the time bonavicr of ctomiz states emitting
radiation passed by the filters consisted simply of measuring the
ratio of count rates in the statiorary arnd swvable phototubes as a
function of the position of the movaebie tube. It was aecessary to
correct the data for radiation from ebtome excited by the residual
gas in the vacuum system. This Lacksreund wes measured periodically
at various positions along the poil: of the besm by recording counts

in the movable tube with the carboa il removed from the beam.
IITI. RESULTS AND AWALYSIS

1. H - Measurements.

Results of the messurements uzing £illers vhich pass radiation
emitted in n = 3 = n = 2 Yraraitions in hydrogen are shown in Fig, 2.,
In this figure the ratio »f counting rates in the stationary and

movable tubes is plotted »rn a iogarithmic scale as & function of the



distance from the foil to thal part of the besm observed by the
movable tube. As can be seen, the experimentsl curve is not
simple, and must result from the cxponentisl decay of more than
cne state in the n = 2 level of hydrogen. We would in fact
expect to see the decsy of the 3z, Ip and 34 levels, Theoretically
(8), most of the decays from the 3p stshe proceed to the 1ls state,
and the radiation from these trassitions will not pass through
the filters. Further, the 2p level i expected (8) to have a
mean life sufficiently short so that il is deopleted Ly shout a
factor of two between the fuil wd the clesest position of the
novable tube to the foil., The conbinugéion of these two effects
make it unlikely that we zould onscrve decays Lfrom the 3p level,
Accordingly, we have snalymed the exparimentel dats cssuming thab
they are camposed of two =zposential funchious,

A least-square fit was porfrermed with e computer using
8 program described by Grud {9Y. FPour unknowns, the meen lives
of the 38 and 3d states aad the ‘nivicl Intensity of radiation
from these states, as well as the stendard deviaticns of these
quentities, were obtained from thie mnalysis. The results of this
anplysis are shown in Table I. The measured mean lives are in
agreement with calculated valuss tshulsted in Condon and Shortley
(8)., The calculated reletive initisl invensitles shown in the
table were obtained by aessuwing that the 33 and 34 states were
initially populated according tc their statistical weights. As
can be seen this assumption is td, snd in fact the data indicate
that in our experiments ihe rebic of initiasl populations of the 3s

and 3d states mst be more nearly 2.0 then 9.2,



2, HB Measurements.

Results of measurements using Tiliers which pass radiation
emitted in n = 4 % n = 2 transitions in hydrogen are shown in Fig. 3.
These data are qualitatively similar to the Ha results, Howvever,
because the phototubes are more sensitive to HB then to Ha radiation,
the precision of the HB data is bebtler than that for the Ha measurements.
Further, the cambination of theoretical initial intensity and mean life of
the bp state make it possible that raliation from that state as well as
from the bs and 14 states could be choorved in these experiments.
Accordingly these data were anelyzec with the assumpiion that they
represent radiation from three siates decaying exponentially. The
results of a computer it to the date 2re alse shown in Fig. 3 and
listed in Teble II. The errors listed with the resulis are standard
deviglions and were obtained from the computer anelysis. Agein the
neasured mean lives are in agreewmont with %he calculsted values
listed in Condon and Shortiey., sl thie relative initial intensities
are in disagreement with ithe :ssuomtion ihet the individual levels
were populated according to their statistical weights. As was the
case with the Hd measuremen’s, it gppzars thet states with low orbital
angular momentum are prefarentially porulsabed in these experiments.

One might wonder if the solutions listed in Tebls II are
unique. In fact, without pricr iafermation we would be ineclined to
try to £it the dsta with only two avponential funcbtions reather than
with three. We have analyzed the data with two and with four exponentials,
as well as with three and have obitzinsd & goodness-of-£it parameter,
x* (Chi-square), for each of the Fits. Relative values of X° as a

function of the number of =xpenzntiisis uzed in a fit are plotted in



8
Fig. 4., As illustrated, <he it with thives oxponentisls is considerab
g v
better than that with two, and not wuch worss than thet with four. Thus
three exponentiels seem %o give the wost sntisfactory £it to the
experimental results. However, it is clear that the analysis of data

containing more than twe exponeniinls smst be performed with some care,
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FIGURE CAPTIONR

Fig. 1. Experimental arrangement.

Fig, 2. Resulis of measurescnts on ri@ radiation. Solid points are
experimental data, Straizhi Lines result from a least-
square fit to the expsrimentel soints,

Fig. 3. Results of measure:zsnis on 1{8 rxdiabtion. Solid points are
experimental data. Straight lianes result from a least-square

fit to the experimontal moints,

Fig. 4. Relative values of gudnesg-oferit parameter, e s plotted
€ E b

versus mumber of ayporantisl curves uvaed to £if HS data,.



TADLE L.
Results for Ha
Mean Life Initial Intensity
(1072 sec.) {Arbiirary Units)
State | FExperimental | Theorsticai ! Fxperimental Theoretical?
30 13.5 £ 1.4 5.9 1 we=o.3 b6
. ’
3p - 5,54 j - -
34 1.61 £ 0.06 150 f 02,2 £ 1.7 233.9
&
® o Y e
See reference {8}.
1‘(}saﬁl.cula:i;ed assuming states are initislly populated according to their

statistical weights,



TABIE II.

Resulis for HB

Meen Life

(107 Sec.)

Initial Intensity

(Arbitrary Units)

State Experimental Theoretical* perimentel Theoreticaf
bs 18.6 £ 2.7 23.2 2.22 £ 0.35 2.22
bp 1.46 * 0.25 1.24 3.9% & 1.1 25,3
L4 3.77 £ 0,55 3.65 6.45 * 1.1 9.5

*
See reference (8).

.r

Calculated assuming states sre initizally populsted according to their

statistical weights.



aqn}oloyd
9|QDAOW

O

Yy —
spis ||

1941} Nu _ wDaq

aqn40joyd
J0JIUOW




100 1 T T T | T
80F -
60 -
aoF -
i
. -
T,=1.61£ 0.06 x16® sec.
| 1 | 1 1 |
o 5 10 15 20 25 30 35

Distance From Foil (cm)




"* . ST,=3.7720.55xIG° Sec.
"o T pr2.7x16°Sec.

'rp=|.4ezo.25x|6° Sec.
N

! 1
10 15 20

Distance From Foil (cm)



1.7 | T

1.6

1.5

.4}

1.3

1.2

x 2 (Relative)

1.0 Y

0.9

0.8

| L
0.7 | > 3 4

Number of Exponentials



